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ANTRODUCT ION

THE STAFFS OF THE WEYERHAEUSER ENVIRONMENTAL RESEARCH GROUP
AND THE WEYERHMAEUSER PULP MILL AT COSMOPOL1S CONDUCTED THIS STUDY IN
'967’ AND |968.
THERE ARE MANY PUBL ISHED REPORTS DOCUMENT ING GRAYS HARBOR
WATER QUALITY. THERE ARE ALSO A LESSER NUMBER OF PUBLISHED FIN-FISH
STUDIES AND WORK SPECIFICALLY ON OYSTERS. LACKING AT THE TIME WE
BEGAN OUR SURVEY WERE STUDIES DOCUMENTING THE POPULATIONS OF NAT(VE
AND INTRODUCED CLAMS. THUS, WE FELT THERE WAS A NEED FOR SUCH STUDIES.
OUR OBUECTIVES IN THE GRAYS HARBOR STUDIES WERE:
I) TO DETERMINE WHAT CLAMS WERE PRESENT
2) THEIR GEOGRAPHIC DISTRIBUTIONS AND ABUNDANCE; AND
3) THE RELATION BETWEEN THEIR DISTRIBUTIONS AND ABUNDANCES AND PREVAIL~
ING WATER QUALITY AND SUBSTRATE CONDITIONS IN THE BAY. WE HAVE ALSO
CONDUCTED CLAM STUDIES IN WiLLAPA BAY (SMiThH AND HERRMANN: 1972)

WITH SIMILAR OBJECTIVES.

FOR SEVERAL REASONS THE WILLAPA RESULTS OFFER A BASELINE FOR COMPAR | SON
OF RESULTS WITH THOSE REPORTED FOR GRAYS HARBOR.

GRAYS HARBOR AND WILLAPA BAY COLLECTIVELY ARE CALLED THE “"TwiIN
HARBORS"™ AREA. WHILE SIMILAR IN S12E, 90 12 aNp |10 MI1B, RESPECTIVELY,

THERE ARE SOME SIGNIFICANT DIFFERENCES BETWEEN THE TWO BAYS IMPORTANT TO
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THEIR SHELLFISH FAUNA. GRAYS HARBOR HAS A RELATIVELY GREATER EXPANSE OF
TIDE FLAT (55% vs. 45%) AND GREATER AVERAGE FRESH WATER INFLOW (11,400 crs
vs. 3,500 cFS.) THESE FEATURES CONTRIBUTE TO A MIGH FLUSHING RATE. in
WINTER GRAYS HARBOR'S HIGHER RIVER RUNOFF, APART FROM INCREASING THE BAY'S
RELATIVELY HIGN FLUSHING, CAUSES ncouce6 SALINITIES THROUGH MOST OF THE
BAY. [N WINTER SIGNIFICANT AMOUNTS OF SEDIMENTS ARE SUPPLIED TO THE BAY
AND AMOUNT TO l5.5 X IO° F1.2 ANNUALLY OR ABOUT .OU% OF THE BAY'S VOLUME
(Grancy: 1971).

GRAYS HARBOR HAS TWO PULP MILLS AS WELL AS SEVERAL PLYWOOD
AND SAWMILLS. PuULP MILL EFFLUENT RELEASES ARE REODUCED IN RECENT YEARS.
AT PRESENT IN SUMMER TO To 80 x 10® pounos ofF BOD/DAY ARE RELEASED
CONPARED TO 250 TO0 300 X 10° PouNDS DURING AND SHORTLY BEFORE THIS CLAM
SURVEY WAS CONDUCTED. APART FROM THESE LIQUID EFFLUENTS THERE ARE
PRESENT IN THE TIDEFLATS SAWDUST FROM PAér SAWMILL OPERATIONS.

THESE FACTORS -~ WATER QUALITY, SALINITY, FLUSHING, SUBSTRATE
rvﬁs AND QUALITY = INFLUENCE THE HABITABILITY OF AN AREA FOR CLAMS.

TH1S PAPER REPORTS THE RESULTS OF DATA COLLECTED AT SOME 60
STATIONS IN THE BRACKISH AND SALT WATER PORTIONS OF GRAYS HARBOR.
THESE STATIONS ARE FROM WITHIN ABOUT A MILE OF THE BAY MOUTH EASTERLY
TO NEAR Cow PoINT IN Hoquiam, soMe I4 miLes (FiGure ).

IN CONDUCTING OUR SAMPLING WE ATTEMPTED TO EXAMINE REPRESENTA-
TIVE AREAS THROUGHOUT THE ENTIRE BAY. SAMPLING WAS CONDUCTED AT TIDAL
ELEVATIONS FROM ABOUT -2 FT. TO HIGH TIDE ALTHOUGH THE BAY MARGINS HAD'

ONLY LIMITED SAMPLING. OUR PRIORITIES IN THE SAMPL ING WERE:
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I) ESTABLISH THE PRESENCE AND TYPE OR ABSENCE OF CLAM FAUNA QUALITATIVELYS
2) ESTABLISH QUALITATIVELY THE NATURE OF THE TIDEFLAT SUBSTRATE;

3) QUANTITATIVELY SAMPLE FOR CLAMS, AND

I) OBTAIN CORE SAMPLES OF THE TIDEFLAT SUBSTRATE TO DETERMINE ITS

PARTICLE SI1ZE AND CHARACTER.

INFORMATION RELATING TO PRIORITIES |) AND 2) WERE OBTAINED AT
ALL STATIONS BUT ONLY AT 22 OF THE STATIONS WAS QUANTITATIVE CLAM SAMPLING
PURSUED. SUBSTRATE CORE SAMPLES WERE OBTAINED AT 3| OF THE STATIONS.

QUANTITATIVE CLAM SAMPLING INVOLVED STAKING OUT ONE OR MORE
50 FT. TRANSECTS AT A STATION AND DIGGING OUT RANDOM SQUARE FOOT SAMPLES
ALONG THE TRANSECT. THE SQUARE FOOT SAMPLE LOCATIONS WERE SELECTED USING
A TABLE OF RANBON NUMBERS. USUALLY FOUR OR MORE SQUARE FOOT SAMPLES WERE
TAKEN ALONG EACH TRANSECT. SINCE WE DID NOT USE A SCREEN TO RECOVER CLANMS,
THE SMALLER CLAMS BELOW |/4 IN. PROBABLY WERE NOT RECOVERED IN PROPORT ION
TO THEIR ABUNDANCE. BECAUSE OUR SAMPLING WAS LIMITED COMPARED TO THE
EXPANSIVE NATURE (50 MiI2) OF THE GRAYS HARBOR TIODEFLATS, THE QUANTITATIVE
SAMPL ING DATA CANNOT BE EXTRAPOLATED TO ESTIMATE THE ABUNDANCE OF INTER-
TIDAL CLAMS THROUGH THE BAY. ANOTHER FACTOR (S THAT MORE EFFORT WAS GIVEN
TO SAMPLING AREAS APPEARING SUITABLE FOR CLAMS. USUALLY THE VERY SOFT,
WATERY~-MUDDY AREAS AND UNSTABLE, STERILE-APPEARING, SANDY AREAS WERE
NOT QUANTITATIVELY SAMPLED.

CLAMS RECOVERED IN SAMPLING WERE IDENTIFIED TO SPECIES AND
MEASURED TO THE NEAREST O.1 IN. OR | MM. THE TIDEFLAT SUBSTRATE CORE

SAMPLES WERE ANALYZED AT TWO OR MORE DEPTHS FOR MOISTURE, ORGANIC CARBON,
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KJELDAHL NITROGEN, AND GROSS VOLATILE SOLIDS. MANY OF THE SUBSTRATE
SAMPLES ALSO WERE SCREENED FOR PARTICLE SIZE COMPOSITION.

ALTHOUGH SOME WATER SAMPLES FOR ANALYSIS WERE TAKEN DURING
OUR SURVEYS, THE LIMITATIONS OF USING SUCH "SPOT SAMPLES" FOR INTER-
PRETING THE SURVEY RESULTS ARE OBVIOUS., ACCORDINGLY, IN ASSESSING THE
POSSIBLE EFFECTS OF WATER QUALITY CONDITIONS ON THE CLAMS, MUCH OF THE
HYDROGRAPHIC DATA PRESENTED HERE WAS FROM THE MORE RECENT PUBLISHED
REPORTS OF BEVERAGE AND SWECKER (1969) AnD WeSTLEY (196T) AS WELL AS
MANY PROCESSED HYDROGRAPHIC REPORTS AND DATA SUMMARIES OF THE WEYER-
HAEUSER COMPANY A&o THE WASHINGTON DEPARTMENTS Of FiSHERIES (WDF) AnD

Ecorogy (DOE).

' DISCUSS |ON
ENVIRONMENTAL CONDITIONS

SALINITY (S ONE OF THE IMPORTANT FACTORS (N THE BAY WHICH WE
MENTIONED AS AFFECTING CLAM DISTRIBUTIONS, USUAL SUMMER AND WINTER
SALINITIES FOUND IN VARIOUS REGIONS OF THE BAY ARE SHOWN IN FIGURE 2.
THESE USUAL VALUES SHOULD NOT BE INTERPRETED AS EXTREMES ENCOUNTERED IN
THESE AREAS, HOWEVER. THE REGION LINES IN THE FIGURE ARE BASED ON DATA
EXTRACTED FROM WEYERHAEUSER, WDF, AND DOE HMYOROGRAPHIC REPORTS. SUMMER
SALINITIES THROUGH MOST OF THE BAY ARE HIGH., FOR EXAMPLE, IN THE JOHNS
RIVER - PT. NEW AREA OF THE MIDDLE BAY, USUAL SUMMER SALINITIES ARE
AROUND 25%«. FURTHER EASTWARD IN THE HOQUIAM AREA USUAL SALINITIES ARE
AROUND 20%s.  IN WINTER, HOWEVER, SALINITIES AROUND 20%2 OR MORE DO

NOT OCCUR IN THE REGION EAST OF OCOSTA -~ OHYHUT AREA.
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SUMMER AND WINTER LEVELS OF PULP EFFLUENTS AS INDICATED BY THE
PBl TEST IN THE VARIOUS BAY REGIONS ARE SHOWN IN FIGURE 3. AGAI@, THESE
DATA ARE EXTRACTED FROM WEYERHAEUSER, WDF, AND DOE REPORTS; MAXIMUM OR
MINIMUM SEASONAL VALUES ARE NOT INDICATED. MEASURABLE LEVELS oF PBl occur
THROUGHOUT THE BAY AT ALL SEASONS. THE HIGHEST LEVELS OCCUR NEAR THE
MILL OUTFALLS. LEVELS OVER THE MARINE SHELLF ISH AREAS ARE HiGHEST IN
WINTER. [N SUMMER THE EFFLUENT LEVELS ARE REDUCED BY TWO-THIRDS OR MORE
THROUGH IMPOUNDING OF WASTES AND SECONDARY TREATMENT.

SUBSTRATE QUALITY 1S ANOTHER FACTOR AFFECTING THE DEVELOPMENT
OF CLAM POPULATION IN VARIOUS AREAS. HIGHER ORGANIC LEVEL SUBSTRATES IN
GRAYS HARBOR OCCUR UPBAY AND ALONG THE sournEAsrzéu PART OF THE BAY,
ORGANIC LEVELS TEND TO DECREASE PROGRESSING WESTWARD TO THE BAY ENTRANCE.
F1GURE 4 SHOWS THE CARBON DISTRIBUTION IN THE INTERTIDAL SUBSTRATES
THROUGH THE BAY. CARBON LEVELS - ABOUT 80 TO 90% OF THE TOTAL ORGANIC
LEVEL - WERE USED SINCE THAT WAS THE EXPRESSION USED BY BEAVERAGE AND
Swecker (1969), THE SOURCE ©F MUCH OF THESE DATA. USUAL LEVELS IN THE
UPPER HARBOR ARE 2% TO 3%; LEVELS IN THE LOWER MARBOR ARE MORE AROUND
1%,

THE DISTRIBUTION OF INTERTIDAL SEDIMENT TYPES THROUGH THE BAY
FOUND IN OUR SAMPLING, IS SHOWN IN FIGURE 5. WE USED THE QUALITA-
TIVE TERMINOLOGY: GRAVEL, SAND, AND MUD. QUANTITATIVELY IN CLASSIFYING
SUBSTRATES FROM THE CORE SAMPLES, HOWEVER, WE USED THE TERMINOLOGY OF

EmMery (1938), DESCRIBING THE MEDIAN GRAIN S12E, MGS.



CLam DISTRIBUTIONS AND DENSITIES

ALTHOUGH WE FOUND NINE CLAM SPECIES IN THE SAMPLING; THE MOST

WIDELY DISTRIBUTED WERE SOFTSHELL TYPES (FIGURE 6), NOTABLY Mys ARENAR A

THE LASTERN SOFTSHELL CLAM, AND MACOMA NATSUTA, THE BENTNOSE CLAM.
TWO OTHER SMALL SOFTSHELL CLAMS, GRYPTOMYA CALLIEORNICA AND MACOMA

INCONSPICUA, WERE LOCALLY ABUNDANT. THESE LATTER TWO MINOR SPECIES ARE

MOT CONSIDERED N DETAIL IN THIS PAPER. HARDSHELL CLAMS WERE RESTRICTED
TO THE MORE WESTERN PART OF THE BAY AND THERE, ONLY LOCALLY ABUNDANT.

INCLUDED WERE CLINOCARD UM NUTTALL, THE COCKLE; TRESUS CAPAX, THE HORSE~

NECK CLAM; DAXIDOMUS GIGANTEU THE BUTTER CLAM; PROTOTHACA STAMINEA,

THE NATIVE LITTLENECK, AND VENERUPIS JAPOMNICA, THE MANILA CLAM.

FIGURE T SHOWS THE AVERAGE DENSITY OF BOTH SOFTSHELL AND HARD=-
SHELL TYPE CLAMS AT STATIONS INCREASING IN DISTANCE FROM THE MOUTH OF
THE BAY. THESE DATA FROM OUR QUANTITATIVE SAMPLING INDICATE HARDSHELL
CLAMS OCCUR IN SIGNIFICANT NUMBERS ONLY IN THE LOWER THREE MILES OF THE
BAY.

THE MOST COMMON SOFTSHELL SPECIES, MYA, OCCURRED AT 29 OF THE
STATIONS COMPARED WiTH CLINODARIUM, THE MOST COMMON OF THE HARDSHELL
CLAMS, WHICH OCCURRED AT ONLY EIGHT STATIONS. MYA RANGED FROM NEAR
DaMon PT. (StaTion L45) NEAR THE MOUTH OF THE BAY EASTWARD TO THE
Hoquiam ArRea oF THE NorTH CHannel (11, 9) AnND To NEAR NEwskan CREEK
(L) N THE SoutH CHANNEL (FIiGURE |, 6). AT THE 21 QUANTITATIVELY
SAMPLED STATIONS Mya DENSITY wAS 1.7/¢12, with A Maximum of [0, /F72
(TaBLE 1). AT BOTH THE UPPER HARBOR AND THE NORTH BAY STATIONS

(6 anp 11 sTaTions, RESPECTIVELY) MYA—DENSITY AVERAGED 2.2/FT.2,
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WHILE AT THE 4 Soutw BAY STATIONS THE AVERAGE DENSITY WAS 0.2/F7°.

THE AVERAGE S1ZE OF THE MYA CLAMS RECOVERED WAS ABOUT 2.1 INCHES;

WiTH THE CLAMS FROM THE UPPER HARBOR BEING SOMEWHAT SMALLER THAN THOSE
FROM THE OUTER BAY,

THE BENTNOSE CLAM, MACOMA NATSUTA, OCCURRED AT |l sTATIiONS;

FrRoOM NEAR Damon Pr., (46) anp Grass fscano (54) NEAR THE MOUTH OF THE
BAY EASTWARD TO NEAR NEps Rock {24) in Norve BAY AND AT LEAST TO UPPER
WritcoMs FLATS {51) i~ Soutw Bay (Freures |, 6). AT THE 21 STATIONS
QUANTITATIVELY SAMPLED ITS AVERAGE DENSITY WAS O.3/FT2 WITH A MAXIMUM
oF §/p72; THE AVERAGE S1ZE wAs |.6 in. (TasLe ). TS EASTWARD RANGE
WAS NOT SO EXTENSIVE AS MYA  AND LOW SALINITIES IN THE UPPER BAY IN

WINTER MAY BE RESTRICTIVE TO MACOMA NATSUTA, ANOTHER MACOMA SPECIES,

M. INCONSPICUA., OCCURS WELL UPBAY.

CRYPTOMYA CALIFORNICA WAS ANOTHER SMALL CLAM (AVERAGE S1ZE

0.6 IN.) NOT COVERED N DETA'L IN OUR SURVEYS. IT WAS LOCALLY ABUNDANT

IN SANDY AREAS FROM WriTcome Frats (50) 1N THE SouTH Bay anp Damon Pr.

(43,4L) 1n NorTH BAY EASTWARD AT LEAST TO MID UPPER BAY (FiGures |, 6).
THE HMARDSHELL CLAMS ARE CONSIDERED AS A GROUP BECAUSE OF THEIR

MORE RESTRICTED ABUNDANCE. CLINOCARD UM, THE MOST WIDESPREAD CLAM IN

THIS GROUP OCCURS FROM THE BAY MOUTH EASTWARD IN NORTH BAY 710 NEAR NEDS
Rock (25) anp In THE SouTh Bay t1o Jonns River (47) (Fieures 1, 6).
OTHER CLAMS IN THIS GROUP APPARENTLY OCCUR NO FURTHER EAST THAN THE
OvyHuT CHANNEL AREA (36-39) in NORTH Bay anp THE GrASS IstLAnD AREA (54)
oF SoutH Bay, THE DENSITY ESTIMATE FOR HARDSHELLS AT QUANTITATIVELY

SAMPLED STATIONS WITHIN THEIR ESTABLISHED RANGE was 0.2/F7% witH A



MAXIMUM OF 0.8/FT2 (TABLE ). FOLLOWING COCKLES iN ABUNDANCE WERE

THE MANILA cLAM VENERUPIS AND HORSE CLAM, [RESUS CAPAX Moy ivg 497 £
NECKS, PROTOTHACA, AND BUTTER CLAMS, SAXIDOMUS, WERE UNCOMMON.

CLAM DISTRIBUTIONS ARE ENHANCED OR RESTRICTED BY ENVIRONMENT
CONDITIONS. GENERALLY, CLAM LARVAE ARE MORE SENSITIVE TO WATER QUALITY
AND SUBSTRATE CONDITIONS; THUS, THE PRESENCE OF LETHAL ENVIRONMENTAL
CONDITIONS WHEN CLAM LARVAE ARE PRESENT OFTEN CONTROLS THE DISTRIBUT!ON
OF ADULT CLAM POPULATIONS. REDUCED SALINITIES oF 4% to 20% (PHisBs:
I971), VAR10US CONCENTRATIONS OF DOMESTIC AND INDUSTRIAL EFFLUENTS IN-
CLUDING FAIRLY LOW (6 - |2 PPM) CONCENTRATIONS OF SULFITE PULP EFFLUENTS
(WoeLke: ET. AL 1970) AND AMAEROBIC WATER CONDITIONS (WaLne:  196L) are

DELETERIOUS TO CLAM LARVAE. For apuLy CLAMS; PERSISTENT VYERY LOW SAL (N~

iTiEs (Mya: (h.5%c : Macoma BALTHICA [%e lassia:  1965: Venpeupis,

»

2h%e; Fuitgiva: 1962; [mEsus = 27%e; McALISTER AND BURT: 1959), wmuch
HIGHER SULFITE PULP EFFLUENT LEVELS (2 1000 PPM ForR Mya anD Macomas NTAC:
[968) AND SUBSTRATES HiGH 1t ORGANICS (PL%) (170 anD IMar: 1955) ARE LETHAL.
WITHIN THE GEOGRAPHIC RANGE WHERE A CLAM OCCURS, DENSITY AND
SIZE ARE ALSO AFFECTED BY THESE STRESSES (BUT TO A LESSER EXTENT) AS
WELL AS BY FOOD ABUNDANCE AND EXPLOITATION BY NATURAL PREDATORS AND MAN.
In GRAYS HARBOR, EXPLOITATION OF CLAM STOCKS BY MAN (S LOW.
LOw SALINITY 1S ONE OF THE IMPORTANT FACTORS IN THE GRAYS
HARBOR POTENTIALLY AFFECTING CLAM DISTRIBUTIONS. SUMMARE SALINITIES,

WHEN MOST CLAMS SPAWN (TRESUS CAPAX, A WINTER SPAWNER IS anN EXCEPT!ON)

PROBABLY ARE SUITABLE FOR SURVIVAL OF MOST CLAM LARVAE EASTWARD AT LEAST
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TO THE JOMNS RIVER ~ PT. NEW AREA WHERE USUAL SUMMER SALINITIES ARE
AROUND 25%¢ (FIGURE 2). SALINITY CONDITIONS IN WINTER ARE NOT SO FAVOR-
ABLE THROUGHOUT THE BAY FOR SURVIVAL OF ADULT HARDHSELL CLAMS, HOWEVER,
AS SUMMER- SALINITIES ARE FOR CLAM LARVAE. USUAL WINTER SALINITIES OF
AROUND 20*0‘ OR MORE WHICH ARE SUITABLE FOR MOST ADULT HARDSHELLS
DON'T OCCUR IN THE REGION EAST OF THE OCOSTA - OYHUT AREA. [N MANY
WINTERS, HOWEVER, AVERAGE SALINITIES ABOUT TWO-THIRDS TMIS LEVEL PERSIST
IN THE NORTHERN HALF OF THIS WESTERN BAY AREA FOR A MONTH OR MORE
(HERRMANN: 1969). [N SUCH WINTERS AREAS FURTHER EAST, PT. NEW FOR
EXAMPLE, MAY GO ALMOST FRESH FOR A PROLONGED PERIOD, A SITUATION CER-
TAINLY LETHAL TO MOST CLAMS WITH THE EXCEPTION OF MYA (HERRMANN, un-
PUBLISHED DATA.).

REGARD ING THE POTENTIAL EFFECTS OF PULP MILL EFFLUENTS ON CLAMS,
IN SUMMER WHEN CLAM LARVAE OF MOST SPECIES OCCUR, USUAL PULP EFFLUENT
LEVELS (AS INDICATED BY THE PBI TEST) ARE FROM 5 PPM IN THE WESTERN BAY
10 50 PPM NEAR THE MiLL outratLs (Fiaure 3).

IN WDOF LABORATORY STUDIES CONDUCTED BY DR.WOELKE FRESH SyLfiTE PULP
EFFLUENTS AT THE HIGHER RANGE OF CONCENTRATIONS JUST MENTIONED WERE
LETHAL TO EARLY-STAGE CLAM LARVAE (WOELKE ET ALt [9T0) AND EVEN SULFITE PULP
EFFLUENT LEVELS DOWN TO THE LOWER RANGE WERE DELETERIOUS. MORE RECENT
WDF STUDIES SHOW SECONDARY TREATMENT OF EFFLUENTS SIGNICANTLY REDUCED
THE TOXICITY TO CLAM LARVAE (WoELKE ET AL: 19T1)

IN THESE RECENT STUDIES TREATED MGD WASTES HAVING A CERTAIN
PBt TEST VALUE WERE ONE-THIRD OR LESS AS TOXIC AS UNTREATED WASTES

WITH THE SAME PB1 VALUE. A MAJOR BOD PORT ION OF WEYERHAEUSER'S
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CosMoPoL 1S MaO PULP MILL EFFLUENTS IN SUMMER RECE{VE SECOMNDARY TREATMENT
BEFORE RELEASE TO THE BAY.

IN OTHER LONG-TERM STUDIES WITH MODERATE CONCENTRATIONS OF FRESH
PULP EFFLUENTS IN WzLLAPA Bay, Havou (1958) FOUND JUVENILE CLAMS OF MANY
SPECIES ENTERED THE CONTINUOQUS-FLOW BICASSAY SYSTEM AS LARVAE AND COLON-
IZED THE MUD SUBSTRATES IN FLOW-THROUGH TEST TRAYS. THE SWL PULP EFFLUENT
LEVEL IN THE EXPERIMENTAL TREATMENT [N THESE LONG~TERM STUDIES WAS 90 PPM.
as PBY.

THE DEGREE OF LETHALITY OF THE LOW SUMMER PULP EFFLUENT LEVELS
TO CLAM LARVAE 1N GrAYS HARBOR QS‘CLOUDED BY THIS DIVERSITY OF RESULTS.
by 15 ESPECIALLY DIFFICULT TO EXTRAPOLATE TOXICITY FROM THE LABORATORY
TO THE FIELD ON THE BASIS OF THE PBI TeEST. THE TOXICITY TO CLAM LARVAE
OF FRESH EFFLUENTS WITH A CERTAIN PBE wouLD BE GREATER THAN THE SITUATION
IN THE FIELD WHERE THERE §S A MIXTURE ofF oiLD (DEGRADED) AND NEW EFFLUENTS
WiTH THE same PBI.

lF THERE 1S APPRECIABLE TOXICITY OF PULP EFFLUENTS TO CLAM
LARVAE (N GRAYS HARBOR, THE LARVAE OF THE SOFTSHELL TYPES MUST HAVE A
CERTAIN RESISTANCE. ADULT POPULATIONS OF ALL THREE GENERA - MyA, MAcoMA,
CRYPTOMYA ~ OCCUR WELL UPBAY INTO AREAS WHERE USUAL SUMMER PBI LEVELS
ARE 30 10 50 ppM (Firaure %). THUS, LARVAE OF THESE FORMS COLONIZING
THESE AREAS ARE EXPOSED TO THESE LEVELS DURING THEIR DEVELOPMENT.,

THE HARDSHELL CLAMS WITH THE EXCEPTION OF CLINOCARDIUM OCCUR

IN AREAS WHERE USUAL SuMMErR PBI LeEvELS ARE 5 To 10 PPM. CLINOCARDIUM,

THE COCKLE, OCCURS FURTHER EASTWARD INTO AREAS WHERE SUMMER PBl LEVELS

are 15 10 35 PPM.  ADULT COCKLE POPULATIONS IN THESE AREAS SUFFER
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WINTER DIE-OFFS DUE TO PROLONGED REDUCED SALINITIES, HOWEVER (HERRMANN,
UNPUBL I SHED DATA).

WiTHIN THE DISTRIBUTIONS LIMITS OR RANGES FOR EACH CLAM SPECIES
SUBSTRATE FACTORS ARE IMPORTANT, AFFECTING CLAM DENSITY AND PERHAPS ALSO
S1ZE., METAMORPHOSED LARVAE MAY NOT COLONIZE UNSUITABLE SUBSTRATES. FoR
JUVENTLES AND ADULTS, HIGHER THAN NORMAL MORTALITIES MAY OCCUR WHEN THEY
ARE EXPOSED TO STRESSES ASSOCIATED WiTH POOR SUBSTRATE QUALITY.

IN RELATING CLAM DENSITIES TO SUBSTRATE CHARACTER, DATA FOR
WitLarPa Bay surveys (SMiTH anp HeErRrMaNn: 1972) ARE INCLUDED. BOTH BAYS
SHARE MANY OF THE SAME CLAM SPECIES. WE WOULD ASSUME THAT OTHER ENVIRON-
MENTAL CONDITIONS BEING EQUAL IN BOTH BAYS THAT A GIVEN SPECIES SHOULD
OCCUPY SIMILAR SUBSTRATES.

Figures 8 AND 9 SHOW AVERAGE MYA AND MACOMA DENSITIES AT
STATIONS WITH VARIOUS SUBSTRATE ORGANIC LEVELS. Botw Mya ano MACOMA
NATSUTA COLONIZED SUBSTRATES WITH A WIDE RANGE OF ORGANIC CONTENTS
(0.4% 7o 4.5%) ano MoisTure conTeEnTs {(18% To 50%). THE ORGANIC LEVELS
AT THE SURFACE WERE USED IN THIS ANALYSIS. MYA AVERAGE DENSITIES IN GRAYS
HARBOR WERE GREATER ON SUBSTRATES WITH 005% 7o 1% ORGANICS. SUCH SUB-
STRATES TEND TO OCCUR IN THE WESTERN BAY (FIGURE W), IN WiLLAPA, THE
HIGHER MYA CLAM ODENSITIES OCCURRED ON SUBSTATES wiTH 2.0% To 2.5% ORGANIC
MATTER. BoTn WiLLaPA AND GRAYS HARBOR DENSITY INFORMATION FOR MACOMA
MATSUTA INDICATED HIGHEST DENSITIES AT STATIONS wsrulﬂ.% 10 1.5% ORGANIC
SUBSTRATES. THIS SPECIES DID NOT oCcuUrR IN GrRAYS HARBOR'S HIGH ORGANIC
LEVEL SUBSTRATES AS IT DID IN WiLeara Bay., SUCH HIGH ORGANIC SUBSTRATES

IN GRAYS MARBOR OCCUR IN THE EASTERN BAY WHERE THE LOW SALINITIES MAY NOT

BE TOLERATED BY M. NATSUTA.
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In BOTH BAYS MACOMA DENSITIES WERE HIGHER AT STATIONS WHERE
SUBSTRATE MOISTURES WERE FROM éo% T0 50% THAN AT HIGHER OR LOWER MO STURE
conTENTS. (Fioures 10, 11). MID-DEPTH MOISTURE DATA WERE USED SINCE WE
THOUGHT THESE WERE LEAST AFFECTED BY CONDITIONS OF SAMPLING AND SAMPLE
STORAGE. THERE WAS A HIGHER DENSITY OF MYA CLAMS ON HIGHER MOISTURE SUB-
STRATES IN THE Witrara sampLEs (Fiaure 11) BUT in GRAYS HARBOR DENSITIES
WERE HIGHER AT STATIONS WHERE MOISTURES WERE LOWER 10% 10 30%. MoiISTURE
CONTENT AT STATIONS WHERE THESE TWO SPECIES OGCCURRED RANGED FROM (5% To
38%, INDICATING A NEED FOR A FAIRLY F(RM SUBSTRATE.

CRYPTOMYA THE OTHER CLAM IN THE SOFTSHELL GROUP WAS MORE SPECIFIC
IN ITS SUBSTRATE REQUIREMENTS., AT THE STATIONS WE SAMPLED |T COLONIZED
MOST AFTER SUBSTRATES WITH LOW ORGANIC LEVELS, (0.15% 7o §.1%) usuaLLy
WITH MOISTURE CONTENTS oF 20% To 30%.

FOR MARDSHELL CLAMS SUBSTRATE SPECIFICITY WE USED THE POOLED

DATA FOR CLINOCARDIUM AND YENERUPIS SINCE BOTH SPECIES TEND TO BE SURFACE

DWELLERS, TOC FEW STATIONS WERE SAMPLED IN EITHER BAY WHERE FORMS SUCH

AS SAXI1D0OMUS AND TRESUS OCCURRED. FIGURE 12 SHOWS AVERAGE CLINOCARDIUM

AND VENERUPIS DENSITIES COMBINED ON VARIOUS ORGANIC LEVEL SUBSTRATES.
GRAYS HARBOR DATA EXCLUDED STATIONS OUTSIDE THE KNOWN RANGE OF CLINO=
CARDIUM. THE RANGE OF SUBSTRATES COLONIZED WERE FrROM 0.5% To |.5%.

AVERAGE DENSITIES {MAINLY VENERUPIS CLAMS) ARE MUCH GREATER IN WILLAPA
THAN 1M GrAYS HARBOR, A SITUATION NOT OBSERVED FOR THE SOFTSHELL CLAMS.

ONE OBVIOQUS DIFFERENCE N THE SUBSTRATES INHABITED BY MYA AND

MACOMA CLAMS 1S PARTICLE si1zE (Figures 13, Ih). GREATER MYA ARENARIA

DENSITIES OCCURRED AT STATIONS IN RBOTH BAYS WHERE THE MGS (MED!AN GRAIN
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S1ZE) WAS LARGER; DENSITIES DECREASED WITH DECREASING MGS. CONVERSELY,

FOrR MACOMA HNATSUTA, CLAM DENSITIES TENDED TO BE GREATER AT STATIONS WHERE

MGS was Low THAN WHERE MGS waAs HiGH. THE LiMITED MGS pATA FOR CRYPTOMYA
INDICATES A NARROW SiZE PREFERENCE, Around 0.2 710 0.25 MM; SUBSTRATES
WITH LARGER AND SMALLER PARTICLE SIZES ARE UNCOLONIZED, Our MGS pata FOR
HARDSHELLS 15 ALSO QUITE LIMITED FOR THE FEW STATIONS WHERE THESE OCCURRED
WHERE MGS wAS DETERMINED THERE WAS WIDE RANGE OF PARTICLE $1ZES: (.2 MM
7O 0.5 MM, THIS SITUATION 15 NOT UNLIKE THAT FOUND FOR MYA.

In SUMMARY, NINE CLAM SPECIES WERE FOUND IN OUR SURVEY OF GRAYS

HARBOR WITH Mya ARENARIA AND MACOMA NATSUTA BEING THE MOST ABUNDANT AND

WIDESPREAD SPECIES. THE LASTERN DISTRIBUTION LIMITS OF THE TWO SPECIES
ARE THE HoQUtAM AREA AND THE NEDS ROCK - JOHNS RIVER AREA, RESPECTIVELY.
THE MORE LIMITED POPULATIONS OF HARDSHELL CLAMS OCCUR ONLY iN THE MORE
WESTERN PORTIONS OF THE BAY. WE FEEL TH!S RESTRICTED DISTRIBUTION IS A
REFLECTION OF THE EFFECT OF THE LOW SALINITIES ON ADULT POPULATIONS [N
WINTER RATHER THAN OF DELETERIOUS CONDITIONS OF PULP EFFLUENTS TO CLAM
LARVAE IN SUMMER. OUBSTRATES WHERE SOFTSHELL TYPE CLAM POPULATIONS ARE
FOUND WERE CHARACTERIZED BY LOW TO HiGH ORGANIC CONTENTS AND MOISTURE

CONTENTS. Mysa AND THE HARDSHELL CLAMS AS A GROUP PREFER COARSER SUB=

STRATES, HOWEVER, THAN MACOMA. THE HARDSHELL CLAMS CLINOCARDIUM AND

VENERUPIS AND CRYPTOMYA ARE MORE SPECIFIC, COLONIZING LOWER ORGANIC

LEVEL, GENERALLY COARSER SUBSTRATES.

v
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CLAM DENSITY—NO//FT2

FIGURE T: AVERAGE CLAM DENSITY AT STATIONS
' VARIOUS DISTANCES FROM THE BAY
MOUTH IN GRAYS HARBOR.
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FIGURE 10: AVERAGE DENSITY OF MACOMA MATSUTA AT STATIONS WITH
VARIOUS SUBSTRATE MOISTURE CONTENT IN GRAYS HARBOR
AND WirtLaPa Bavy.
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FIGURE 1l: AVERAGE DENSITY OF MYA ARENARIA AT
STATIONS WITH VARIOUS SUBSTRATE MOISTURE
CONTENTS IN GRAYS HARBOR AND WILLAPA Bavy.,
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FIGURE lh4: AVERAGE DENSITY OF MAGCOMA MNAFSHFA AT
STATIONS WITH SUBSTRATES OF VAR{OUS
MEDIAN GRAIN SI1ZES IN GrAaYs HARBOR
AND WiLLarPa Bavy.
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